OBJECTIVE: An association between body fat distribution indices and the amount of visceral adipose tissue (AT) with blood pressure (BP) has been documented. However, most studies used casual morning BP values as the dependent variable. The aim of our study was to identify which of the obesity indices (the body mass index (BMI), waist-to-hip ratio (WHR), sagittal diameter or visceral (AT) measured by ultrasonography (US)) better correlated with BP determined by 24 h ambulatory monitoring. DESIGN: Retrospective study on obese women, outpatients at the Obesity Clinic, Internal Medicine Institute, Chieti University, Italy. SUBJECTS AND MEASUREMENTS: In ®fty-one obese outpatient women, BP was determined with a single morning measurement (casual BP) and with 24 h ambulatory monitoring (ABPM). The obesity parameters were the BMI, WHR, sagittal diameter and the amount of intra-abdominal and subcutaneous fat determined by US. RESULTS: Except for the BMI, all obesity indices as WHR, sagittal diameter and visceral AT measured by US were strongly correlated with both casual and 24 h ambulatory BP values. When such parameters were evaluated in a multivariate analysis, only the WHR remained signi®cantly related to 24 h ABPM parameters and not to casual values. CONCLUSIONS: These results suggest that a simple measure of fat distribution as the WHR could represent a good predictor of hypertension in obesity, providing that BP is measured in a more reproducible manner, such as by 24 h ambulatory BP monitoring.
Introduction
Several years ago Vague 1 separated obesity into android and gynoid types, suggesting that there is a stronger association between cardiovascular risk and the fat distribution rather than the total amount of excess body fat. Both types of obesity were in turn divided into central-peripheral, upper body-lower body, abdominal-gluteal, or visceral and subcutaneous types. 2 Subsequent studies con®rmed Vague's hypothesis, showing a better correlation between the risk of metabolic and vascular diseases with body fat distribution indices such as the waist-to-hip ratio (WHR) rather than measures of the degree of body fatness as expressed by the body mass index (BMI). 3±9 The availability of non-invasive means of measuring intra-abdominal fat, computed tomography (CT) 10±15 and, more recently ultrasonography (US), has made the study of the correlation between these indicators and blood pressure (BP) levels possible. 16±18. Nevertheless, in most cases, the relationship between BP and body fat measured with CT or US was studied using casual of®ce BP measurements. It is well known that measurement of BP at the doctor's of®ce is in¯uenced by errors which can result in false positives (white coat or of®ce hypertension). 19, 20 Furthermore, the circadian oscillation of BP is not accounted for in the casual morning measurement. 21, 22 The aim of our study was to identify which of the obesity indices, body mass index (BMI), waist-to-hip ratio (WHR), sagittal diameter or visceral adipose tissue (AT) measured by ultrasonography (US), is better correlated with BP determined with a casual and with a more reliable measure as 24 h ambulatory monitoring (ABPM).
Methods
We selected 51 obese, caucasian, non-pregnant, nonmenopausal women, otherwise healthy, outpatients at the Obesity Clinic. Their clinical characteristics are shown in Tables 1 and 2 . All patients were submitted to an oral glucose tolerance test and those with diabetes mellitus or impaired glucose tolerance were excluded from the study. None of the patients had received antihypertensive treatment in the two weeks prior to entering the study and none of the subjects was under any drug therapy.
Obesity parameters
All measurements were taken in the morning. Weight was recorded to the nearest 0.1 kg and height measured to the nearest 0.5 cm and the BMI (kg/m 2 ) was computed. We measured to the nearest centimetre both the waist circumference, taken at the level of the umbilicus with the subject standing and breathing normally, and the hip circumference, taken at the level of the greater trochanters and the waist-to-hip ratio (WHR) was then calculated. All anthropometric measurements were taken by the same observer. 23 The WHR cutoff point used to discriminate between abdominal and gluteal fat distribution was 0.86 (android type 5 0.86; gynoid type`0.86). 24 The sagittal diameter was obtained by measuring the distance from the examination table to a horizontal spirit level placed over the abdomen at the level of the iliac crest, L4-5.
Ultrasound measurements were performed by the same operator using an Ansaldo, AU 930 scanner, Genova, Italy. The ultrasound subcutaneous fat thickness was measured at 5 cm from the umbilicus on the xypho-umbilical line, using electronic calipers at the skin-fat (excluding skin) and fat-muscle interfaces and the intra-abdominal fat thickness between the internal face of the abdominal muscle and the anterior wall of the aorta at the level of the umbilicus. Subcutaneous fat thickness was measured using a 7.5 MHz transducer and intra-abdominal fat thickness was measured using a 3.5 MHz transducer. The intra-abdominal fat/ subcutaneous fat ratio (VSR) was also computed. The total adipose tissue area (AT) and the visceral AT area were obtained by predictive formulae according to Armellini et al.
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Blood pressure parameters Starting at 08.00 am and following an overnight fast all patients underwent 24 h Ambulatory Blood Pressure Monitoring (ABPM) with a non-invasive device (Takeda-TM 2420/TM 2020, rev. 7, Japan), 25 using a large cuff size (45 cm 6 23 cm). BP was measured every 30 min. Day-time BP was de®ned as the interval from 07.30 am to 10.30 pm and night-time BP from 11.00 pm to 07.00 am. Casual BP was measured in the morning for three times every 5 min with a randomzero sphygmomanometer using a large cuff size.
Ethical approval
The study was approved by the local ethical Committee of the School of Medicine, Chieti University, Italy.
Statistical analysis
Clinical characteristics are expressed by mean and 95% con®dence interval. Data analysis was performed in two steps: ®rst, correlation coef®cients were computed between all variables to determine which independent variable could better correlate with BP parameters (casual, day, night, 24 h mean levels). Furthermore, the correlation coef®cient between WHR and US intra-abdominal thickness was calculated. In the second step, the relationship between BP parameters and obesity indices was studied with a multiple regression model considering as independent variables, besides age, BMI as a measure of weight/ height, WHR and US intra-abdominal fat thickness, as measures of body fat distribution.
Results
The clinical characteristics, parameters of obesity and of blood pressure are reported in Tables 1 and 2 . Our group was represented by middle-aged women with II degree obesity 26 ; of the 51 patients, 36 were with android type of obesity. With casual BP measurements, 37 subjects had mild hypertension while the others were all normotensive according to the JNC criteria. 27 The casual measure and the values obtained by ABPM of Systolic BP (SBP) and Diastolic (DBP) were correlated with visceral AT, WHR, sagittal diameter and ultrasound intra-abdominal fat thickness, ( Table 3) .
The SBP and DBP were also weakly correlated with the ultrasound intra-abdominal/subcutaneous ratio (VSR). There was a negative correlation between the BP levels and the hip circumference, but this was statistically signi®cant only for SBP 24 h mean and DBP day-time. The BP parameters (SBP casual-24 h mean-night time; DBP 24 h mean-night time) were also weakly correlated with the waist circumference (P`0.05) and with the age (SBP casual P`0.005; SBP 24 h mean-night time and DBP casual-24 h meanday time P`0.05). No correlations were found with the BMI (Table 3) . Furthermore the WHR was highly correlated with ultrasound intra-abdominal fat thickness (r 0.82; P`0.001) (Figure 1 ).
In the multiple regression analysis, which shows the effects of age, ultrasound intra-abdominal fat thickness, BMI and WHR on casual and 24 h monitored BP values, none of the independent variables contributed to the variability of casual SBP and DBP; only the WHR was signi®cantly correlated with 24 h mean, night-time systolic BP and 24 h mean, day-night-time diastolic BP levels ( Tables 4 and 5 ).
Discussion
The hypothesis introduced by Vague 1 of a relationship between BP increase and distribution of fatness rather than amount of excess body fat has been con®rmed by many reports.
2,4,5,7,28±30. However, there is still signi®cant debate as to whether weight and height parameters (namely BMI) or body fat distribution indices (WHR or, more recently, the amount of intra-abdominal or subcutaneous fat or their ratio measured by computed tomography) represent the better predictors of hypertension. Some authors have suggested absolute fat mass, adjusted for height, as a good predictor of BP levels. 31 A large epidemiological survey of obese subjects with impaired glucose tolerance or diabetes has documented a link between obesity, de®ned by the BMI, and hypertension, due to insulin resistance. 32 Sjostrom 15 has recently shown that casual systolic BP is associated with the BMI and not with the WHR, but the subjects examined were severely obese. VSR: intra-abdominal fat thickness/subcutaneous fat thickness ratio; VAT: visceral adipose tissue according to Reference 18. ****P`0.001; ***P`0.005; **P`0.01; *P`0.05. Figure 1 Relationship between waist-to-hip ratio (WHR) and ultrasound intra-abdominal fat thickness in obese women.
The above-mentioned data are in con¯ict with another study of male subjects which documented only small variations in BP as a result of body weight increase. 5 Also Japanese investigators recently reported a close relationship between intra-abdominal fat measured by computed tomography and casual levels of BP in obese women, but no correlation of BP with the BMI. 14 However, the direct measurement of intra-abdominal fat with CT is rarely used, especially in large study groups, mainly due to cost considerations and unavailability in outpatient settings. It was for these reasons that some authors had recently suggested that subcutaneous fat thickness and intra-abdominal fat be measured with ultrasonography. 16, 17 The intra-abdominal fat thickness, measured from the abdominal muscle to the aorta, is well correlated with the CTderived visceral adipose tissue area. 18 Our actual objective was to investigate whether the use of a more accurate and reproducible measurement of the dependent variable (BP), namely a 24 h ambulatory BP monitoring, could improve its relationship with anthropometric or ultrasound measures of intraabdominal and subcutaneous fat or their ratio. The above mentioned indices, except for the BMI, are correlated with casual and monitored BP levels. Furthermore, there is a strong correlation between WHR and US measurement of intra-abdominal fat thickness. However when we considered, besides age, the direct measurement of intra-abdominal fat thickness, WHR and BMI, only the WHR remained signi®cantly related to 24 h ABPM parameters, but not to casual values.
Conclusions
In our group of middle-aged moderately obese women, with prevalent android type of obesity and normal glucose tolerance, the WHR was well correlated with the BP levels obtained by 24 h monitoring, even when compared to other obesity parameters such as BMI and US measurement of intra-abdominal and subcutaneous fat.
Con®rming our previous study, these data suggested that a simple measure of fatness distribution like the waist-to-hip ratio can represent a good predictor of hypertension in obesity, provided that the BP levels are measured with reproducible and accurate modalities. 
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